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Polyolefin Surgical Devices and Method for Producing The 
Same m 

The present invention relates to polyolefin surgical 
devices and more particularly to thermally formed 
polyolefin surgical devices having improved audible and 
tactile indications of function and improved functional 
integrity. 

Background of the Invention 

It is well known that in many and various surgical 
procedures, synthetic devices; that is, devices made from 
non-biological materials, are often implanted. Examples 
of such techniques are in surgery wherein various 
stainless steel or other metal clips are used to control 
bleeding in that they are used to ligate various blood 
vessels during the surgical procedure. Furthermore, in 
other surgical procedures, staples, metal rods, clips or 
sheets of material are implanted for various supports or 
other reasons in the surgical procedure. In most 
instances, these devices remain in the patient for 
considerable periods of time, though in some instances, 
they may be removed at some later date or even rejected by 
the natural physiological function of the human body. 

Even though these metal surgical devices cause no harm 
from the medical viewpoint, it is often desired they not 
be allowed to remain in the body as they greatly disrupt 
the ability to subsequently use many of the new diagnostic 
treatments on the patient. The metal surgical devices 
disrupt X-ray imaging, computerized axial tomography 
imaging, and other of the new types of diagnostic imaging 
procedures. Hence, it is desirable that these surgical 
devices be replaced by plastic materials which do 
not have this disruptive efCect on X-ray imaging or other 
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types of diagnostic imaging procedures. However, in 
trying to develop the plastic materials to replace the 
metal materials, it has been found that it is very diffi- 
cult to provide a combination of strength, flexibility, 
5 and functional characteristics in these plastic iraterials, 
to a degree that compares to the metal materials so that 
the plastic materials have not been readily accepted as 
substitutes for the metal materials. "This is especially 
true in the smaller devices such as ligating clips and 
10 other types of clips used to ligate vessels or connect 
material such as tissue where the clip is small and the 
fine sizes of areas of the device require considerable 
strength, flexibility and functional integrity. 

15 Also, metal devices such as ligating clips have marginal 
tactile properties to assist the doctor in the olacement 
of the clips into areas where it is difficult to see. The 
prior .art plastic devices are, for the most part, 
deficient in the desired level of tactile response as well 

20 as audible response to closure* 

A class of material that has gained success in various 
types of surgical devices are the polyolefins. Polyolefin 
surgical devices have had considerable success because of 
their inertness and good strength. However, one of the 
problems with the polyolefin devices is their lack of 
audible 'and tactile responses. This is especially a 
problem when it is desired to use such devices for 
ligating clips where the surgeon may be using the clip in 
areas of limited vision and access. 

Summary of the Invention 
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I have discovered a new and improved, thermally formed, 
polyolefin sterile surgical device v/hich has improved 
tactile response and improved audible response. 
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Furthermore, the polyolefin sterile surgical devices of 
the present invention have good functional integrity; that 
is, the clip has good flexing characteristics yet it 
remains in position where placed. 

In accordance with the present invention, my improved 
thermally formed, polyolefin devices have a crystallinity 
of at least 45% and preferably a crystallinity in excess 
of 50%. My preferred polyolefin surgical devices are made 
from polypropylene and are in the form of ligating clips; 
that is, clips comprising two leg members connected at 
their proximal ends by a resilient hinge means and 
containing some type of locking means to close the distal 
ends of the leg members. In accordance wi.th the present 
invention, my improved surgical devices are produced by 
heating the thermally formed device at a temperature of 
from 90°C. to 150°C. and preferably from between 
100°C. and 115*0, for a time sufficient to increase the 
crystallinity of the polyolefin to at least 45% and 
preferably to about 50%. I have found that a time from 
about 20 minutes to three to four hours is satisfactory. 
In a preferred method of the present invention, I heat an 
injection molded polypropylene ligating clip at about 
100°C; for about 1 hour to provide the desired functional 
integrity and the audible and tactile responses in the 
ligating clip. 

■ 

Description of the Drawings 

Figure 1 is an enlarged perspective view o£ a ligating 
clip oC the present invention; 

Figure 2 is an enlarged perspective viev/ of the clip of 
Figure 1 in position closing oCf a blood vessel; 
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Figure 3 is an enlarged perspective view of another surgi- 
cal device of the present invention; 

Figure 4 is a perspective view of a wound closure device 
of the present invention; and 

Figure 5 is a cross-sectional view showing the device of 
Figure 4 in position to close a wound.. 

Detailed Description of the Embodiments 
of the Present Invention 



Though the present invention is applicable to many types 
of surgical devices thermally formed from polyolefin 
polymers, for the sake of clarity, it will be described in 
detail in conjunction with what are known as ligating 
clips made from the polyolefin polymers. 

Referring to Figure 1, there is shown a ligating. clip 10 
of the present invention. The clip comprises a pair of 
leg members 11 and 12 which are attached at their proximal 
ends at the hinge area 13. The distal ends 14 and 15 of 
the leg members are configured in a manner so that they 
can be locked together when the clip is applied about a 
blood vessel 16 to close off the vessel as is more clearly 
seen in Figure 2. The hinge area, which is considerably 
thinner than the remainder of the clip, should be flexible 
yet strong. The body of the leg members should be strong 
and relatively rigid, and depending on the configuration 
of the distal ends, they should have a certain degree of 
flexibility. All in all, the clip in its entirety should 
have good functional integrity in that the hinge and 
locking areas should have desired flexibility but once the 
clip is closed and locked it should remain in that 
position. 
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Very often when the surgeon is using the ligating cli? in 
a surgical procedure, he is working in an area where he 
has difficulty seeing or may not be able to see at all, 
those vessels he desires to ligate. Hence, he prefers 
that the hinge of the clip and the latching means both 
have some resistance to closing so that he can feel the 
clip closing as he applies pressure to the clip* The 
resistance to closing in the latch means; i.e.., the 
tactile response may actually be the release or absence o£ 
resistance that is felt when the latch is fully engaged. 
This I term the tactile response of the clip. Further- 
more, the surgeon desires to know when the clip is fully 
closed. In the configuration shown in Figure 1 when the 
distal end of leg member 11 deflects to accept the distal 
end of leg member 12 and then snaps back to lock the 
distal end of leg member 12 in place, there is an audible 
'click*. This I terra the audible response of the clip. 

The. clips according to the present invention are prefer- 
ably made by the standard injection molding techniques 
well known for the molding of polyolefins. The parameters 
for the injection molding of polyolefins are well known to 
those skilled in the art and form no part of the present 
invention. The clips, once molded, are heat treated by 
heating the clips to temperatures of from 90°C. to approx- 
imately 150°C. for periods of time from 20 minutes to 3 to 
4 hours. • The clips are treated under an inert atmosphere 
such as a dry nitrogen atmosphere to avoid oxidation and 
degradation of the clips at these temperatures. The 
resulting clips have good audible and tactile 
characteristics. 

The polyolefin clips of the present invention are sterile 
and may be sterilized by the various procedures v/r-ll known 
in the art Cor sterilizing polyolefin materials. A 
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preferred method for sterilizing polyolefin materials is 
gas sterilization using ethylene oxide. 

The following tests are used to determine the properties 
of surgical clips. 

Opening Strength 

The opening strength of the clip is the force required to 
unlock the clip once it is locked. The strength is 
measured by closing a clip over two aligned strips of 
Mylar polyester film. The strips are 4 m x 178 sea x .076 
mm thick. The strips are separated at the ends and each 
strip bent into a U configuration with the. clip at the 
apex of the U. The open ends of the strips are clamped in 
the opposing jaws of an Instron Tensiometer using steel 
faced jaws. Using a strain rate of 5 mm/min the jaws are 
moved apart and the force necessary to open the clip is 
determined in kilograms. 

Hinge Strength 

The hinge strength of the clip is the force required to 
break the clip at the hinge area. The strength is 
measured by cutting away the latching mechanism at the 
distal end of the clip. The cut ends of the clip are 
placed in the opposing jaws of an Instron Tensiometer. 
The jaws are steel faced. Using a strain rate of 5 mm/min 
the jav/s are moved apart and the force necessary to break 
the hinge determined in kilograms- 

Percent Extension 

The percent extension of the clip is a measure of the 
functional integrity and in part the dimensional stability 
of the clip. The percent extension of the clip is 
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equivalent to apparent elongation of the clip determined 
from the Instron measurements and is calculated by the 
expression: 

Velocity X Length of Chart 

% Extension = j X iU(J 

Velocity — X Gauge Length 
Chart 



Crystallinity 

The crystallinity of the clip is a measurement of the 
strength and functional integrity of the clip. X-ray 
diffraction is a convenient method of determining the 
amount and type of crystallinity in the clip. The X-ray 
crystallinity data is obtained using a Phillips vertical 
goniometer equipped with a graphite crystal monochrome ter 
and scintillation detector interfaced to a strip chart 
recorder. CuKa radiation is employed and a sample is 
mounted and run using parafocusing geometry. The patterns 
obtained for a sample are analyzed for crystallinity and 
amorphous content using a duPont Curve Resolver. 

The invention will be more fully described in conjunction 
with the following example. 



Example 1 . 

Ligating clips having the configuration as depicted in 
Figure 1 are molded in a multi cavity mold in an injection 
molding machine utilizing a polypropylene resin as 
described in U.S. Patent 3 f 630,205. The clips are molded 
at a nozzle or inelt temperature of about 180 °C. and a rr.olc 
temperature of 40°C. The clips as molded are tested for 
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opening strength, hinge strength, and crys tallinity * The 
opening strength, hinge strength and crystallinity are 
determined as previously described. The clips as 
injection molded, have an opening strength of 2.13 
5 kilograms, a hinge strength of 2.25 kilograms, and a 

crystallanity of 41%. The clips when closed about a thin 
piece of film, have no tactile response and virtually no 
audible response. The clips as molded, are heated for a 
period of one hour, at a. temperature of 100 °C. in a forced 
10 air oven. The opening strength of the heat-treated clip 
is 2.1 kilograms ana the hinge strength is 2.8 kilograms. 
The crystallanity has been increased to 54% and the clips 
have good tactile response and good audible response. 

15 Example 2 

Ligating clips are molded as described in Example 1. The 
clips as molded are tested for opening strength, hinge 
strength, and percent extension. The opening strength of 

20 the molded clip is 2.20 kilograms, the hinge strength is 
3.24 kilograms, and the percent extension is 233 percent. 
Some of the molded clips are heated at various tempera- 
tures and times as outlined in the follovjing table. The 
heating is accomplished in a dry nitrogen atmosphere. The 

25 nitrogen is 99.95% pure, contains a maximum of 1 ppm 

oxygen and a maximum of 3.6 ppm water. The treated clips 
are tested for opening strength, hinge* strength and 
percent extension. The result are given in the following 
table. 
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Temperature 
(°C) 


Cycle 
(Hrs. ) 


Opening 
Strength 
( Kg . ) 


Hinge 
Strenqth 
( Kg . ) 


Extension 
At Break 


Crystal 
1 initv 


As molded 




2.20 


3 .24 


233 


A 

4j 


90 


2 


2.26 


3.46 


100 


d0 




4 


2.25 


3 .47 


100 


52 


100 


0.5 


2.17 


3.66 


88 


48 




1 


2 .00 


3 . 62 


86 


43 




2 


2.14 


3 . 66 


83 


51 


110 


0 . 5 


2 . 09 


3.63 


7o 


51 




1 


2.17 


3 . 63 


69 


50 




2 


2.05 


3 .73 


78 


49 


115 


0.5 


2.09 


- 3 . 77 


; 79 


52 




1 


1.91 


3.76 . 


76 


55 




2 


1.90 


3.80 


69 


53 


130 


0.3 


2.15 


3.92 


54 


60 


140 


0.3 


2.13 


4.06 


61 


57 


150 


0.3 


2.10 


4.12 


55 


68 



Though I have described the present invention in conjunc- 
tion with ligating clips, it should be apparent that other 
types of surgical devices may also benefit from the pre- 
sent invention. For example , in Figure 3, there is shown 
a 2-piece fastening device 21 in accordance with the pre- 
sent invention. The device includes 3 staple member 22 
and an engaging member 23 and may -be used to fasten to- 
gether fascia or portions of internal organs and the like. 

In Figure 4, there is shown yet another surgical device 25 
for closing a wound. This device comprises a thin rod 
like member 26 with a bar 27 attached at each end. The 
device is used to close a wound in the manner depicted in 
Figure 5. The bars 27 lie on either side of the v/ound 28 
and the wound itself is spanned by the connecting rod 26. 
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Other molded products contemplated by the present inven- 
tion are clamps, clips, staples, buttons, snaps, surgical 
instruments, and the like. 

The molded devices of the present invention may be made 
from any of the polyolefins; that is, polyethylene, 
polypropylene and the like. A. specifically suitable 
polypropylene for use in molding the surgical devices of 
the present invention is described in U.S. Patent 
3,630,205 issued December 28, 1971. 

Having now described the. present invention and certain 
specific embodiments, it should be apparent to those 
skilled in the art that there may be various modifications 
and alterations which may be made to the present invention 
without departing from the spirit and scope of the present 
invention.. I only desire to be limited by the scope of 
the claims appended hereto. 
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Claims 

1. A thermally formed polyolefin surgical device having 
both audible and tactile properties and functional 
integrity, said polyolefin having a crystallinity in 
excess of 45% . 

2. An injection molded surgical device according to Claim 
1 wherein the polyolefin is polypropylene. 

3. A surgical device according to Claim 1. or Claim 2 
wherein the surgical device is a ligating clip- 

4. A surgical device according to Claims 1, 2, or 3 
wherein the crystallinity is in excess of 50%. 

5. An injection molded polypropylene ligating clip having 
two leg members connected at their proximal ends by a 
resilient hinge portion and containing locking means 
disposed at the distal ends of the leg members , said clip 
having audible and tactile properties and functional 
integrity, and said polypropylene having a crystallinity 
in excess of 45%. 

6. A ligating clip in accordance with Claim 5 having a 
crystallinity in excess of 50%. 

1. A method of producing an improved thermally formed, 
polyolefin, surgical device having both audible and 
tactile properties comprising heating the formed device to 
a temperature of 90°C. to 150°C. for a period of time 
sufficient to increase the crystallinity of the polyolefin 
to at least 45%. 

8. A method according to Claim 7 wherein the polyolefin 
is polypropylene. 
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9. A method according to Claim 7 or 8 wherein the device 
is an injection molded device. 

10* A method according to any:. one of Claims 7 to 9 wherein the surgical 
5 device is a ligating clip. 

11. A method according to Claim 10 wherein the ligating 
clip comprises two leg members connected at their proximal 
ends by a resilient hinge and containing locking means 

10 disposed at the distal ends of the leg members. 

• 

12. A method according : to any one of Claims -7 to 11 wherein the 
device is heated to a temperature of from 100 °C. to 
115°C. 

15 

13. A method according * to any one of Claims 7 to 12 wherein the 
surgical device is heated for a period of time sufficient 
to increase the crystallinity to at least 50%. 

20 14 . A "method according td : any> one of Claims 7-to* 13- wherein the 

surgical device is heated for a period of time of at least 
twenty minutes. 

15. A mfcthbcKacb* dihf "ittfBn^briel <>f ^'Claims- 7 i-to ^vhe^ntthe 
25 device is heated in the absence of any substantial oxygen 
or moisture. 

16 . *A -.method, according itp.an^ qng^o^Claims.Jjijto:^ wherein the.deyice is 
heated in an atmosphere of nitrogen. 
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